Surfactant aggregates formed on solid surfaces, such as alumina 1,2 or hydrated iron(III) oxide, 3 are called admicelles, whose interior tends to incorporate sparingly soluble organic constituents. Previously, we proposed a novel separation technique with admicellar sorbents for inorganic trace analysis. 4, 5 For example, trace heavy metals in water were converted into hydrophobic chelates with ammonium pyrrolidinedithiocarbamate (APDC), and successfully incorporated in admicelles. 6, 7 Negatively charged metal-humic complexes were also collected along with humic and fulvic substances, though admicelles consisted of alumina particles and anionic surfactants.
The present communication describes the potential and utility of alumina and admicellar sorbents in chemical speciation, by taking the case of copper(II) in water as an example. Copperhumic complexes were separated from copper(II) ions with the alumina sorbent, whereas total dissolved copper was preconcentrated by the APDC-admicellar method. Analytical results showed that 60 -70% of the total dissolved copper was present as negatively charged species (mainly humic complexes) in river water.
Experimental

Apparatus
A Seiko SAS-760 atomic absorption spectrometer equipped with an SAS-715 graphite-furnace atomizer was employed for the determination of copper under the following furnace operating conditions. The graphite tube was gradually warmed during 20 s to 150˚C and held for 15 s. The tube was then heated during 5 s to 800˚C and held for 10 s; it was further heated to a final atomization temperature of 2400˚C for 2 s. Clean-up was done at 2550˚C for 3 s to eliminate the memory effect. The wavelength and hollow-cathode lamp current were 324.8 nm and 10 mA, respectively.
A Shimadzu UV-180 spectrophotometer with 25-mm cells was used for measuring the absorbances at 400 nm to determine humic and fulvic acids. A Branson ultrasonic cleaning bath (47 kHz, 120 W) was used to purify alumina and Sephadex A-25 sorbents. All of the separation procedures were carried out in a Hitachi ECV-843 BY clean bench.
Reagents
Alumina particles (ca. 50 µm, gamma-type, chromatographic grade, Katayama Chemicals) were ultrasonically washed in 4 mol l -1 nitric acid for 3 min and thoroughly rinsed with water. A suspension (50 ml) containing 1.5 g of alumina was mixed with 100 mg of sodium dodecyl sulfate (SDS, special grade for water analysis, Nacalai Tesque) for 5 min at pH 2 to form admicelles. After the supernatant solution was discarded, the admicelles (or a small portion of the whole) were packed into a Millipore Pyrex glass column (15 mm i.d. × 7 mm) or a polypropylene column (7 mm i.d. × 10 mm). The admicellar column was used to collect the total amounts of copper. On the other hand, the purified alumina was neutralized to pH 5 -6 and packed into a polypropylene column (7 mm i.d. × 10 mm). This column was employed to differentiate copper(II) ions and humic complexes. A Sephadex A-25 anion exchanger (ca. 100 µm, cross-linked dextran gel with diethylaminoethyl groups, Pharmacia) was ultrasonically washed in 0.1 mol l -1 hydrochloric acid for 3 min and rinsed with water. After adjusting the pH of the suspension to 5 -6, the slurry was packed into a polypropylene column (7 mm i.d. × 10 mm).
A humic acid solution (250 µg ml -1 ) was prepared by dissolving humic acid (extracted from peat soil, Nakarai Chemicals) in a 0.1 mol l -1 sodium hydroxide solution and passing through 0.4-µm Nuclepore membrane filters. The absorptivity at 400 nm was 12 cm 2 mg -1 at pH 13. A fulvic acid solution (500 µg ml -1 ) was prepared by dissolving fulvic acid (extracted from brown forest soil based on the method of International Humic Substances Society 9 ) in water. The absorptivity at 400 nm was 3.0 cm 2 mg -1 at pH 13.
A standard copper(II) solution (10 µg ml -1 in 0.1 mol l -1 nitric acid) was prepared from a commercial standard solution (1.00 mg ml -1 , Nacalai Tesque). An APDC solution (1.0 mg ml -1 ) was prepared by dissolving ammonium pyrrolidinedithiocarbamate (special grade for AAS, Nacalai Tesque) in water.
Procedure
Determination of total dissolved copper. To 50 ml of a water sample was added 2 ml of an APDC solution and stirred for 3 min to form APDC complexes. The solution was introduced onto an admicellar column at a flow rate of 5 ml min -1 . The copper retained on the column was desorbed with 1 ml of 4 mol l -1 nitric acid and collected in a 5-ml volumetric flask. The desorption was repeated twice more with 1 ml each of 4 mol l nitric acid. The combined eluates were diluted to the mark with water. A 10-µl aliquot of the solution was injected into a graphite furnace and analyzed by graphite-furnace atomic absorption spectrometry (GFAAS). The standard solutions were prepared by taking nanogram quantities of copper and 3 ml of 4 mol l -1 nitric acid in a 5-ml volumetric flask and diluting to the mark with water. Determination of copper-humic complexes. A 50-ml volume of sample was passed through an alumina column at a flow rate of 5 ml min -1 to adsorb copper-humic complexes. The column was treated with 3 ml of 4 mol l -1 nitric acid and the combined eluates were analyzed by GFAAS, as described above.
Results and Discussion
Adsorption behavior of copper(II) ions and humic complexes
Admicelles were easily prepared by mixing alumina particles and SDS in a slightly acidic solution. The anionic surfactant, SDS, was strongly adsorbed on positively charged alumina surfaces. Although the direct observation of the resulting surfactant aggregates has not yet been achieved, a significant increase in the hydrophobicity of the alumina surface suggests the formation of admicelles. Previously, 6, 7 we confirmed that different metal-APDC complexes were quantitatively collected on admicelles. In the absence of APDC, however, the adsorption behavior of metal ions has not yet been studied.
A 50-ml volume of water containing 1.5 µg of copper(II) was passed through an admicellar column (15 mm i.d. × 7 mm) loaded with different amounts of SDS. The column effluent was analyzed by GFAAS to obtain the adsorption recovery. Another sample was also prepared by mixing 250 µg of humic acid and 1.5 µg of copper(II) at pH 6.5. Humic acid is known to possess similar chemical properties (e.g., complexing ability, absorption spectra and molecular-weight distribution) as aquatic humic acid in river water. 10 Copper complexed with humic acid was determined by the Sephadex A-25 method, 11 where negatively charged humic complexes were completely and selectively adsorbed on a macroreticular weak-base anion exchanger. Figure 1 shows the percentage of copper adsorbed on admicelles as a function of the quantity of SDS. All of the SDS were quantitatively retained on the alumina, which was confirmed by the toluidine-blue method. 12 The rate of adsorption increased with the amount of SDS, and finally reached 100% at 150 -200 mg of SDS. This indicates a significant coulombic attraction between copper(II) ions (including hydrated ions and hydroxo complexes) and SDS. In this experiment, copper-humic complexes were completely adsorbed on the column. Interestingly, the alumina sorbent (without SDS) offered the selective adsorption, where no copper(II) ion was retained. The value on the y-axis (for the upper curve) well coincided with the copper-humic complexes obtained by the Sephadex A-25 method.
Determination of copper(II) ions and humic complexes in synthetic water samples
Based on the above-mentioned findings, we decided to use the alumina column for separating humic complexes. Compared with Sephadex A-25, alumina particles are much more inexpensive and more convenient because they are core particles of admicelles. Different synthetic samples (50 ml, pH 6.5 -7.0) were prepared and used for evaluating the reliability of the proposed method. The total copper as well as humic complexes were determined as described under Procedure. Because of the sufficient capacity of the sorbent and the economical point, a small polypropylene column (7 mm i.d. × 10 mm) replaced the Millipore Pyrex glass column (15 mm i.d. × 7 mm).
The analytical results are given in Table 1 . More than 96% of the copper was recovered by the APDC-admicellar method. Humic complexes obtained by the two adsorption methods agreed closely with each other. The admicelle column was substantially stable during adsorption and desorption, which allowed the same column to be used at least three times.
Application to natural water samples
The proposed method was applied to the speciation of copper in river water. Even if water samples contain stronger ligands than APDC, their complexes are collectable on the admicelles when they are negative or hydrophobic species. After filtration with 0.4-µm Nuclepore polycarbonate membrane filters, a 50-ml aliquot of the filtrate was introduced onto the alumina column. Another 50-ml aliquot of the filtrate was mixed with 2 ml of APDC solution and passed through the admicellar column. Desorption followed by the determination was carried out (see Procedure). Nakarai Chemicals) was used as a standard solution.
As shown in Table 2 , 60 -70% of the total dissolved copper was present as negatively charged species. Based on our previous work, 13,14 the fraction is considered to be essentially humic complexes, though other negative species such as copper-clay may exist. Chemical species other than negatively charged species include cations and neutral inorganic complexes. 15 This simple separation method can be applicable to a survey of the occurrence of negatively charged species for a wide range of trace metals in water. The information is essential for a better understanding of the geochemical behavior and the biological effects of trace metals, because negatively charged species are rather stable in natural water and complexations with humic substances may reduce the toxicity of simple hydrated ions. 
